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NATIONAL -CRY COMMITTEE FOR AERONAUTICS 

RESEARCHMEMORANDUM 

for the 

Bureau of Aeronautics, Department of the Navy 

FREE-SPINNING-TUNNEL INVESTIGATION OF A 0.034-SCAIB 

MODEL OF THE PRODUCTION VERSION OF THE 

(ZELANCE VOUGHT F7U-3 AIRPLANE 

TED NO. NACA AD 3103 

By Walter J. Klinar and Frederick M. Healy 

SUMMARY 

An investigation of a 0.034-scale model of the production version 
of the Chance Vought F7IJ-3 airplane has been conducted in the Langley 
20-foot free-spinning tunnel. The inverted and erect spin and recovery 
characteristics of the model were determined for the combat loading with 
the model in the clean condition and the effect of extending slats was 
investigated. A brief investigation of pilot ejection was also performed. 

The results indicate that the inverted spin-recovery characteristics 
of the airplane will be satisfactory by full rudder reversal. If the 
rudders can only be neutralized because of high pedal forces in the 
inverted spins, satisfactory recovery will be obtained if the auxiliary 
rudders can be moved to neutral or against the spin provided the stick is 
held full forward. Optimum control technique for satisfactory recovery 
from erect spins will be full rudder reversal in conjunction with aileron 
movement to full with the spin (stick right in a right spin). Extension 
of the slats will have a slightly adverse effect on recoveries from (1 
inverted spins but will have a favorable effect on recoveries from erect 
spins. The results of brief tests indicate that if a pilot is ejected 
during a spin %Thile a spin-recovery parachute is extended and fully 
inflated, he will probably clear the tail parachute. 
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INTRODUCTION 

NACA RM SL55G15 

At the request of the Bureau of Aeronautics, Department of the Navy, 
a spin investigation has been made in the Langley 20-foot free-spinning 
tunnel of a 0.034-scale model of the production version of the Chance 
Vought F7tJ-3 airplane. The production version differs from the prototype 
version previously tested in the spin tunnel and reported in reference 1 
primarily in that the nose has been shortened, the tailcone has been 
extended, the deflection of the ailavators (the surfaces used for lateral 
and longitudinal control) has been decreased, and the canopy outline has 
been modified. 

The primary purpose of the investigation was to investigate vsrious 
recovery procedures from inverted spins. The erect spin and recovery 
characteristics of the model were also investigated. Tests were conducted 
for vsrious settings of the auxiliary rudders with the slats both 
retracted and extended. At the request of Chance Vought Aircraft, brief 
tests were conducted wherein the pilot was ejected while the model was 
spinning with a spin-recovery tail parachute fully opened. The model eras 
in the combat loading condition for all tests. 

sYMJ3oIs 

b wing span, ft 

S wing area, sq ft 

E mean aerodynamic chord, ft 

X/E ratio of distance of center of gravity rearward of leading 
edge of mean aerodynamic chord to mean aerodynamic chord 

z/E ratio of distance between center of gravity and fuselage 
reference line to mean aerodynamic chord (positive when 
center of gravity is below line) 

m mass of airplane, slugs 

1x2 Iy., Iz moments of inertia about X, Y, and Z body axes, 
respectively, slug-ft2 

Ix - IY 
mb2 

inertia yawing-moment parameter 

_.-.-_ - ___ .__.--_ __.. -_~. ~..~- _--~~ - _ _ ~_ __--- _~~ ~_ -_ - -... -- --. ~_ 
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,..: . IY - Iz 
,..: nib 2 . . . : : Iz - Ix 

a.t? 

inertia rolling-moment parameter 

inertia pitching-moment parameter 

air density, slug/cu ft 

relative density of airplane, 3!- 
PSb 

angle between fuselage reference line and vertical (approxi- 
mately equal to absolute value of angle of attack at plane 
of symmetry), deg 

angle between span axis and horizontal, deg 

full-scale true rate of descent, ft/sec 

full-scale angular velocity about spin axis, rps 

MODEL AND TEST CONDJH'IONS 

The 0.034-scale model was furnished by the Bureau of Aeronautics 
and was prepared for testing by the Langley Aeronautical Laboratory of 
the National Advisory Committee for Aeronautics. A dral&ng of the model 
as tested is shown in figure 1. The dimensional characteristics of the 
airplane are presented in table I. 

Iongitudinal and lateral control of the airplane and model is obtained 
from deflection of one set of control surfaces called ailavators. Herein- 
after, ailavator deflections for longitudinal and lateral control will be 
referred to, for simplicity, as elevator deflection and aileron deflection, 
respectively. 

A remote-control mechanism was installed in the model to actuate the 
controls for the recovery attempts. Sufficient torque was exerted on the 
controls to reverse them fully and rapidly. The auxiliary rudders were 
generally fixed at neutral or at their maximum deflections with or against 
the spin for the model tests, although for a few tests they were actuated 
by the remote-control mechanism. On the airplane the auxiliary rudders 
are operated automatically to provide artificial dying in yaw and 
yawing moment due to sideslip. They may also be operated manually for 
directional trimming. 

i-.-_ .~ ~~_-,_ - .1  
_ - -_ -  

_-_- . .  --_.__ .  
_~~~__-~._ _ . _ , . .  _ - - -  ~~~ -~~ - - - - - - -  
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The model  was ballasted to obtain dynamic similarity to the airplane 
at an altitude of 15,000 feet (p = 0.001496 slug/cu ft). Mass character- 
istics and mass parameters for the loadings possible on the airplane and 
for the combat loading condit ion tested on the model  are presented in 
table II. 

Inverted and erect spin and recovery tests were performed with the 
slats retracted and extended. For all tests the landing gear and speed 
brakes were retracted. 

The normalmaximum control deflections used in the tests (measured 
perpendicular to the hinge lines) were: 

&in rudders, deg ............... 28.3 right, 28.3 left 
Auxiliary rudders, deg ............ 21.8 right, 21.8 left 
Elevator, deg ................. 32.4 up, 11 down 
Ailerons, deg ................. 16.5 UP, 16.5 dolm 

A diagram of stick-against-ailavator.position is shown in figure 2. 

An appendix is included which presents a  general description of the' 
model  testing technique, the precision with which model  test results and 
mass characteristics are determined, variations of model  mass chsracter- 
istics occuring during tests, and a general comparison between model  
and airplane results. 

RESULTS AND DISCUSSION 

The results of the investigation are presented in chsrts 1  through 10. 
Inasmuch as the results of spins to the right and left were similar, the 
data are arbitrarily presented in terms of spins to the pilot's right. For 
all tests, the model  was in the clean condit ion unless otherwise noted and 
in the normal combat loading (model loading 1 in table II). 

Inverted Spins 

The results of the inverted spin and recovery tests are presented in 
charts 1  through 4. For inverted spins, controls crossed for the estab- 
l ished spin (right rudder pedal forward and stick to the left of the pilot 
for a  spin to the pilot's right) is presented to the right of the chart and 
stick back is presented at the bottom. Vhen the controls are crossed in 
the established spin and the rudder is set to maintain the spin, the lat- 
eral controls aid the rolling motion; when the controls are together and 
the rudder is set to maintain the spin, the lateral controls oppose the 
rolling motion. The angle $  and the elevator position in the chart 
are given as up or dam relative to the ground. 

--_ _ - --- -_-- I_1_---_ - _ _- ~~-.-~~ _. 
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Slats retracted.- The results of the inverted spin tests with the 
model in the clean condition and the auxiliary rudders set to with, 
neutral, or against the spin are shown in charts 1, 2, and 3, 
tively. These results are tabulated below: 

Uature of spin Usually oscillatory in roll, 
pitch, and yaw 

Aileron setting most favorable Full with the spin (stick left 
for recovery in an inverted spin to pilot's 

right) 

Longitudinal stick position Full forward 
most favorable for recoveries 
by rudder reversal 

Auxiliary rudder setting 
most favorable for recovery 

Full against the spin 

Combination of lateral and Stick full back and ailerons 
longitudinal controls most full against (stick right in 
adverse for recovery by an inverted spin to pilot's 
rudder reversal right) 

Recovery by full rudder 
reversal 

Satisfactory, even when auxil- 
isry rudders are maintained 
full with the spin. Stick 
should be maintained full 
forward 

Recovery by rudder neutrali- 
zation 

Unsatisfactory when auxiliary 
rudders are maintained full 
with spin. Satisfactory when 
auxiliary rudders are neutral 
or against the spin; stick 
should be maintained full 
forward 

Recovery by movement of auxcl- Unsatisfactory 
iaxy rudders from full with 
to full against the spin 

Recovery by movement of ailer- With auxiliary rudders set full 
ons to full with the spin with the spin - unsatisfactory 

Uith auxiliary rudders set at 
neutral - marginal; provided 
the stick is pulled to and 
maintained full back. Other- 
wise, unsatisfactory 

With auxiliary rudders set full 
against the spin - satisfac- 
tory provided the stick is 
pulled to neutral or full back 

When the model recovers by use 
of ailerons with the spin, a 
spiral or aileron roll results 

respec- 

-- .- ..-- _ . _-_- -~~-- -. , , _-- -.. _~-- -__ ~~ . _ _~. _ _. _ 
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The test data indicate that the best manipulation of the controls 
for recovery from the inverted spin, regardless of the position of the 
auxiliary rudder, should be as follows: full reversal of the rudder 
with the stick maintained laterally at neutral and longitudinally full 
forward. As the airplane begins to recover the stick should be pulled 
back to regain normal flight. If the rudder can only be neutralized 
for recovery because of high rudder pedal forces, the auxiliary rudders 
should in some manner be positioned at neutral or against the spin and 
the recovery procedure should be as previously indicated, that is: 
stick should be maintained full forward and laterally neutral after 
rudder neutralization until the airplane begins to recover, at this 
point the stick should be pulled back to regain normal flight. Use of 
ailerons alone as a recovery measure does not appear desirable because 
of the limited conditions for which model results indicated satisfac- 
tory recoveries and also because the spiral or roll that results after 
spin recovery may not be distinguishable from the spin by the pilot. 

Slats extended.- Results of the inverted spin tests with the slats 
extended and auxiliary rudders at neutral sre presented in chart 4. 
Comparison of these results with those presented in chart 2 indicates 
that extending the slats had little effect except for a slightly adverse 
effect on recoveries attempted by rudder neutralization. 

Erect Spins 

Slats retracted.- Results of the erect spins with slats retracted 
are presented in charts 5 through 7. The test results are tabulated 
as follows : 
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Nature of spin Generally oscillatory in roll, 
pitch, and yaw when spins were 
obtained. Model would not 
spin with ailerons with the 
spin, even when auxiliary rud- 
ders were maintained full with 
the spin. Proneness to spin 
with ailerons at neutral was 
decreased as auxiliary rudder 
settings were relaxed from 
full with the spin settings. 

Aileron setting most favorable Full with the spin (stick right 
for recovery in an erect spin to pilot's 

right). 

Longitudinal stick position 
most favorable for recovery 

Generally little effect of 
longitudinal stick position on 
turns for recovery. Model was 
somewhat less inclined to spin 
with stick back than with 
stick forward. 

Auxiliary rudder setting most 
favorable for recovery 

Model indicated greater reluc- 
tsnce to spin as auxiliary 
rudder setting was relaxed 
from its full with the spin 
setting and deflected to 
against the spin. 

Control settings most adverse 
for recovery 

Greatest proneness to spin was 
obtained with ailerons full 
against the spin. 

Recovery by full rudder Unsatisfactory for all auxil- 
reversal isry rudder settings 

Recovery by simultaneous full Unsatisfactory 
reversal or neutralization of 
both main and auxiliary rud- 
ders from initial full-with- 
the-spin settings 

Recovery by movement of ailer- Satisfactory for all auxiliary 
ons to full with the spin rudder settings 

___-i ~- ._~ .-___- _. ~~ -_-.-- --., _. .- _ -.--- - - -._ -- -- - _~___ - . ~--- 
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The test data indicate that movement of ailerons to full with the 
spin is essential for recovery from erect spins. The best position of 
the auxiliary rudders for recovery is full against the spin, and the 
optimum control technique which should be utilized for recovery regard- 
less of auxiliary rudder position is as follows: full rudder reversal 
in conjunction with movement of ailerons to full with the spin. During 
the recovery procedure the stick should be held fullback to aid the 
pilot in recognizing recovery inasmuch as model test data indicated 
that a dive or a short glide followed by a roll generally existed for 
this stick position when the ailerons were moved to with the spin for 
recovery. As the airplane begins to recover the stick should be moved 
forward to regain normal flight. Premature forward movement of the 
stick may result in a rapid aileron roll which should be terminated 
quickly, however, by neutralization of the ailerons. 

Slats extended.- Model test results with slats extended are pre- 
sented in chsrts 8 through 10. Comparison of these data with those 
presented in charts 5 through 7 indicates that extending the slats had 
a somewhat favorable effect in that the model was less inclined to 
spin with slats extended than with slats retracted. 

Landing Condition 

The landing condition was not investigated on this model inasmuch 
as current Navy specifications do not require airplanes to be spin- 
demonstrated in the landing condition. Analysis of full-scale and model 
tests on numerous designs to determine the effect of landing gear 
(ref. 2) indicates that extension at the landing gear should have little 
appreciable effect on recoveries from spins. 

Recommended Recovery Technique 

Based on the results obtained with the model, the following recovery 
technique is recormnended for the airplane in the clean condition and .the 
combat loading. 

For recovery from inverted spins, the rudders should be reversed 
briskly, and the stick should be neutralized laterally and pushed to its 
full forward position longitudinally. As the airplane begins to recover 
the stick should be pulled back to regain normal flight. In the event 
that physical limitations permit only neutralization of the rudder because 
of excessive rudder pedal forces, the auxiliary rudders must be moved in 
some manner to neutral or against the spin and the manipulation of the 
stick during the recovery procedure should be as indicated above. 
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For recovery from erect spins, the ailerons should be moved to full 
with the spin (stick full right en a right spin) simultaneously with 
rudder reversal to full against the spin. The stick should be held full 
back in order to aid the pilot in recognizing recovery. As the airplane 
begins to recover, the stick should be moved forward to regain normal 
flight. 

Pilot Ejection 

Brief tests were conducted in the spin tunnel simulating ejection 
of a pilot from the cockpit during spins. The objective of these tests 
was to investigate whether an ejected pilot would clear the rigging and 
canopy of an open spin-recovery parachute if the parachute failed to 
make the.airplane recover from a spin. The model pilot was ballasted 
and was ejected with sufficient force to follow a trajectory representing 
that of an ejected pilot. The parachute used corresponded to a full-size 
parachute 24 feet in diameter (laid out flat) with a combined towline and 
shroudline length of 70 feet and was attached to the extreme rear of the 
fuselage. This corresponds to the full-scale spin-recovery parachute 
installation. The parachute canopy was made sufficiently porous so that 
it did not effect recovery from erect or inverted spins and a wire hoop 
was placed in the canopy hem to maintain the canopy diameter at approxi- 
mately 24 feet (full scale) while the model was spinning in the tunnel. 
The results of the brief tests indicated that a pilot ejected during a 
spin should clear an open tail parachute in any attitude, with the pos- 
sible exception of an extremely flat and slowly rotating erect spin. 
For this airplane configuration, however, it is very unlikely that this 
combination is likely to occur. Reference 3 discusses methods by which 
the approximate path of a pilot jumping from a spinning airplane rela- 
tive to the spinning airplane can be calculated. 

CONCLUSIONS 

Based on the results of tests of a 0.034-scale model of the produc- 
tion version of the Chance Vought F7U-3 airplane, the following conclu- 
sions regarding the spin and recovery characteristics of the airplane in 
the combat loading condition at an altitude of 15,000 feet are made: 

1. In the clean condition the inverted spins will be oscillatory 
in roll, pitch, and yaw. The spin-recovery characteristics of the air- 
plane from inverted spins will be satisfactory provided the following 
technique is used: brisk rudder reversal with the stick maintained at 

_ _ _ ._ ~~ _... __ ~._ -__.- --- - ._^__. __ r-- ~.- - - _-_ 
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neutral laterally and full forward longitudinally. As the airplane 
begins to recover the stick should be moved back to regain normal flight. 
If the rudders cannot be fully reversed because of high pedal forces and 
if the auxiliary rudders can be positioned at neutral or against the 
spin, neutralization of the main rudders and manipulation of the stick 
as indicated above should lead to satisfactory recoveries. 

2. Erect spins may be difficult to obtain and the spins that are 
obtained will be oscillatory in roll, pitch, and yaw. Recovery will be 
satisfactory by movement of the ailerons to full with the spin (stick 
right in a right spin) accompanied by simultaneous full rudder reversal. 
The stick should be held full back until the airplane begins to recover 
and it should then be moved forward to regain normal flight. Recoveries 
by rudder reversal alone will be unsatisfactory. 

3. Extending the slats will have a slightly adverse effect on 
recoveries from inverted spins, but will have a favorable effect on 
recoveries from erect spins. 

4. The most favorable position of the auxiliary rudders for recovery 
will be full against the spin. 

5. In the event that it becomes necessary for the pilot to eject 
during a spin while a tail parachute is attached to the airplane, the 
pilot will probably be t&mm clear of the parachute. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., July 6, 1955. 

Aeronautical Research Scientist 

Frederick M. Healy 
Aeronautical Research Scientist 

Approved: 
,@*a. 

Thomas A. Harris 
Chief of Stability Research Division 

_~ ~~ ~.. -~ _ __ _ . . . .~~ _~_~ . 
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APPENDIX 

D3STING TECHNIQUES AND PRECISION 

Model  Testing Technique 

11 

The operation of the Langley 20-foot free-spinning tunnel is gen- 
erally similar to that described in reference 4 for the Langley 15-foot 
free-spinning tunnel except that the model- launching technique is dif- 
ferent. W ith the controls set in the desired position, a  model  is 
launched by hand with rotation into the vertically rising air stream. 
After a  number of turns in the established spin, a  recovery attempt is 
made by moving one or more controls by means of a  remote-control 
mechanism. After recovery, the model  dives into a  safety net. The 
tests are photographed with a  motion-picture camera. The spin data 
obtained from these tests are then converted to corresponding full-scale 
values by methods described in reference 4. 

Spin-tunnel tests are usually performed to determine the spin and 
recovery characteristics of a  model  for the normal spinning-control 
configuration (elevator full up, lateral controls neutral, and rudder 
full with the spin) and for various other lateral control and elevator 
combinations including neutral and maximum settings of the surfaces. 
Recovery is generally attempted by rapid full reversal of the rudder, 
by rapid full reversal of both rudder and elevator, or by rapid full 
reversal of the rudder simultaneously with moving ailerons to full with 
the spin. The particular control manipulation required for recovery is 
generally dependent on the mass and dimensional characteristics of the 
model  (refs. 5  and 6). Tests are also performed to evaluate the possi- 
ble adverse effects on recovery of small deviations from the normal con- 
trol configuration for spinning. For these tests, the elevator is set 
at either full up or two-thirds of its full-up deflection and the lateral 
controls are set at one-third of full deflection in the direction con- 
ducive to slolrer recoveries, which may be either against the spin (stick 
left in a  right spin) or with the spin depending primarily on the mass 
characteristics of the particular model. Recovery is attempted by 
rapidly reversing the rudder from full with the spin to only two-thirds 
against the spin, by simultaneous rudder reversal to two-thirds against 
the spin, and movement  of the elevator to either neutral or two-thirds 
down, or by simultaneous rudder reversal to two-thirds against the spin 
and stick movement  to two-thirds with the spin. This control configu- 
ration and manipulation is referred to as the "criterion spin," with 
the particular control settings and manipulation used being dependent 
on the mass and dimensional characteristics of the model. 

-  _~ __ 

_I_1~_._~~1 I_ , .  - -  _ 

_~ _~ .  . . _  _ ._ _ _ ._~ -  _~ .  .  -  -  

_ - .  

_ - . -  - - - _ - -  



12 NACA RM SL55G15 

Turns for recovery are measured from the time the controls are moved 
to the time the spin rotation ceases. Recovery characteristics of a 
model are generally considered satisfactory if recovery attempted from 
the criterion spin in any of the manners previously described is accom- 
plished within 2i turns. This value has been selected on the basis of 

full-scale-airplane spin-recovery data that are available for comparison 
with corresponding model test results. 

For spins in which a model has a rate of descent in excess of that 
which can readily be obtained in the tunnel, the rate of descent is 
recorded as greater than the velocity at the time the model hit the 
safety net; for example, >300 feet per second, full scale. In such 
tests, the recoveries are attempted before the model reaches its final 
steeper attitude and while it is still descending in the tunnel. Such 
results are considered conservative; that is, recoveries are generally 
not as fast as when the model is in the final steeper attitude. For 
recovery attempts in which a model strikes the safety net while it is 
still in a spin, the recovery is recorded as greater than the number of 
turns from the time the controls were moved to the time the model struck 
the net, as >3. A >3-turn recovery, however, does not necessarily indi- 
cate an improvement over a >7-turn recovery. When a model recovers 
without control movement (rudder held with the spin), the results are 
recorded as "no spin." When the turns required for recovery are in 
excess of 10, the result is recorded as ~0. 

Precision 

Results determined in free-spinning-tunnel tests are believed to be 
true values given by models within the following limits: 

a,deg .............................. ?l 
$,deg ............................. fl 
V,percent ........................... +-5 
R,percent ............................ f2 
Turns for recovery obtained from motion-picture records ..... *+ 

Turns for recovery obtained visually ............... *L 
2 

The preceding limits may be exceeded for certain spins in which it 
is difficult to control the model in the tunnel because of the high rate 
of descent or because of the wandering or oscillatory nature of the spin. 

The accuracy of measuring the weight and mass distribution of 
models is believed to be within the following limits: 
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Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . . +l 
Center-of-gravity location, percent c‘ . . . . . . . . . . . . . . +l 
Moments of inertia, percent . . . . . . . . . . . . . . . . . . . 25 

Controls are set with an accuracy of +lo. 

Variations in Model Mass Characteristics 

Because it is impracticable to ballast models exactly and because 
of inadvertent damage to models during tests, the measured weight and 
mass distribution of the F7U-3 model varied from the true scaled-down 
values within the following limits: 

Weight, percent ................... 0 to 2 high 
Center-of-gravity location, percent E ........ 0 to 1 rearward 
Moments of inertia: 

IX, percent .................... 2 high to 9 high 
Iy, percent .................... 1 high to 6 high 
Iz, percent ..................... 3 high to 9 high 

Comparison Between Model and Airplane Results 

Comparison between model and full-scale results in reference 7 
indicated that model tests accurately predicted full-scale recovery 
characteristics approximately 90 percent of the time and that for the 
remaining 10 percent of the time, the model results were of value in 
predicting some of the details of the full-scale spins, such as motions 
in the developed spin and proper recovery techniques. The airplanes 
generally spun at an angle of attack closer to 45' than did the corre- 
sponding models. The comparison presented in reference 7 also indi- 
cated that generally the airplane spun with the inner wing tilted more 
dol.mward and with a greater altitude loss per revolution than did the 
corresponding model, although the higher rate of descent was found to 
be generally associated with the smaller angle of attack regardless of 
whether it was for the model or the airplane. 

__ ~_. ~.. ._____ _ _ -.__ .-~ - ---- ~--~- _. _._~. -~ - - --. ---- --, ~- - _ _~ _~~ __... .-_ .,~ ._ 
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF TBE CHANCE VOUGRT 

F7U-3 AIRPLANE AS SIMULATED BY THE 0.034-SCALE MODEL 

Overall length, ft . . . . . . . . . . . . . . . . . . . . . . 43.21 

Wing : 
Span,ft.............. 
Area, sqft . . . . . . . . . . . . 
Aspect ratio . : . . . . . . . . . . 
Root chord (basic wing), in. . . . 
Tip chord (basic wiag), in. . . . . 
c, in. . . . . . . . . . . . . . . . 
Leading edge E rearward leading-edge 
Incidence, deg . . . . . . . . . . . 
Dihedral, deg . . . . . . . . . . . 
Sweepback of quarter-chord line, deg 

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . . 

............ 

............ 
root chord, in. . . . 

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . .  

Ailavator: 
Span, percent b/2 . . . . . . . . . . . . . . . . . . . . . 51.2 

Vertical tail: 
Maximum height above fuselage reference line, ft . . . . . . 8.70 

;k7; 
2.94 

194.15 
115.88 
164.22 

86.51 
0 

3; 

_ --~--- -~-- ~_ _._ __ __.~ .~._ ..~ ._-. --. -.--~-- _~- .- .-- 
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TfULE II.- MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR THE LOADINGS OF THE CHANCE 

VOUGHT F7U-3 AIRPLANE AND FOR LOADING TESTED ON THE O-034-SCALE MODEL 

[Model values are given as corresponding full-scale values; moments 
of inertia are given about the center of gravity] 

NO. Loading 

center-or-&ravlty Rolativo density lfomonto Of inortin 
location P  (slug-f&2) Moss pnmn;ctcrs 

Woicht 
(lb) xfi zfi Son 

levo1 
1%&O IX IY 17. - Ix - IY 1-f - 1% Iz - Ix 

mb2 2 - mb mb2 
l- 

- 
1 
- 
2 
- 
3 
- 
4 - 

5 
- 

b 

- 
7 

e 

- 

9 

- 

Norfin rl~lrtcr, 
cos>bat, ~sn~ UP 

Normal rightor, 
takeoff, goor up 

Normnl fighler, 
taksorr, sear down 

Normal fi@rtcr, 
InndinE, p car down 

23,092 

27,060 

27,Cb0 

21,120 

~~~~~~ 1 %g266 
two spnrrows on outor pnnol 33,bj7 

Claan condition, QXIP up I 24,770 0.123 -0.012 lj.21 2k.17 26,669 51,468 72,810 -2olr -176 330 

Clocm condition plus contor 
section pylons und empty 
fusoloeo rockcot prick, 25,356 
ecnr up 

Clean condition plus cantor 
ooction pylons and full 
fusola&o rockot pack, 23,935 
.gar up 

L 

0.118 

0.133 

0.120 

0.127 

0.121 

0.139 0.008 19.ldr 30.90 113,2j2 57,399 911,732 -94 -238 332 

0.123 

0.12h 

ts; 

-0.008 15.56 24.71e 27rO3lr ji,b86 73,151 -198 -173 371 

s 
F 

-0.002 15.92 2j.31 27,248 j1,972 73,2bj -1% -168 363 iz 

vl 
Modal vnluoo 

1 Normal fightor, nonbob, eonr up 24,155 0.123 0.019 14.03 23.9 26,907 51,3co 74,406 -206 x 10-b -19j x 10-l, 401 x lo-'k 0 
G 
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CHART l.- INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL W ITH THE SLATS 

RETRACTED AND THE AUXILIARY RUDDERS W ITH THE SPIN 

bode1 loading 1  in table II; recovery attempted by control movement  as 
- indicated (recovery attempted from, and steady-spin data presented 

for, rudder-full-with spin); spins to pilot's right] 

i 

$- 
:: 05 

rP3 f! 0  
B 

; M ” 

PA ,&I 
El3 I& A 

PO~O~ V&l”O. OOnYOPtod 1* 
Klf”:Elfh.. ” inn;, YlW up  * D lr!nW vine 6Olm 

“1: I’ Hz I a3 EEI 

R oa  
I *I a, L,1 1  

EH 

2  

- 
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CHART 2.- INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH THJZ 

SLATSR?ZJ!RACTEDAND THEAUXILIARYRUDDERSNEUTRAL 
- 
1 Model loading 1 in table II; recovery attempted by control movement as 

indicated (recovery attempted from, and steady-spin data presented 
for, rudder-full-with spins); spins to pilot's right] 

r,.b * ‘3 

L’b & ““%SL :5 ;k! Controln CFODDOd I 
:g 0.9 wlak recta ml 337 OJ7 (Stlok Irott, NO SPlN 

E “2 ii 

1 
ai .: 5 In $ CA 

R0.010r~ d@..zo. 
R ,“$ 

EH 
Ret, $ 

%  2, 1 %  6 4 * 1. >B I Ra 2.L 4 
t R 1 
r 

BEI 

%  1. *1 

* *norm eOvoNO”t to run “ial apin 
II *Ilawn lco”Oso”t to nsut*a). 

H 

A2 
Anorm MIOT~r& to 

P uitll nan 

3 
rigron lioloc.o”c to 

c Ylth #Pi” 
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CHART 3.- IWEPZED SPIN AND RECOVERY CHARAC~ISTICS OF THE MODEL WITH THE SLATS 

REZRACTED AND THE AUXILIARY RUDDERS AGAINST THE SPIN 

@ode1 loading 1 in table II; recovery attempted by control movement as 
indicated (recovery attempted from, and steady-spin -data presented 
for, rudder-full-with spins); spins to pilot's right) 

“dhlppl~ Md YanderlnC spin. 
ho-s,1n oolviltlon aa0 ObWP”OI. 
%oill.tOw m,n. mllm or “duoa mw~ontod. 
%ntorod 4n*.di&n roil. 
‘dawi.r~ q&t. 
*NmoYoFod I” a roll to tm Pllor’D 1o*t. 
w.u.1 o*tiLIto. 
%..w.¶F.d in 0. lh0i-I dir.2 *ono”ld b, M ail~ror, P011, 
howrod in M c’i1OPl” ,011 r~llo”.d by M OrOPt P,lldlng tw”. 

& + (“Wl 
El3 v:., &a, 

YadO). “~I”00 DOnYIPtDP to ~OPr*oPOrLdl”E ttIU11.W~h “*ho.. ” lnnar Ylng up D ItmOP “,“I3 down 

R .,B, >5 

K--l 
Rl >5 
*2 l* 1 

EEI 



QQ Q . : 
. 

QQQ: 
. ,#*QQ , Q 

. . . Q IQ Q 

20 NACA RM SL’J5Gl3 

CHART 4.- INVERTED SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL VITH THE 

LModel loading 1 in table II, recovery attempted by rudder neutraliza- 
tion except as indicated (recovery attempted from, and steady-spin 
data presented for, rudder-full-with spins); spins to pilot's right) 

g 21; 
R 
Z@b 0.27 
321 

Cl Cl 
Z' z 

pg+ con;;;~~p~~;; 

a 

B 110 SPIII 

*Oscillatory opin, ran&? or values presented. 
blmaerlnc spin. 
=Enterad a roll in direction of aileron oettlnc rollouing recovery. 
dSpin hos both oscillatory end steady phases. 
eRccovorcd in n dfve. 
fFntcred a steep spin. 
'%covtry atten.pted by f&l rudder reversal. 
~dtdCpl"g apin. 

Wodel values 
cowerled to 
corresponding 
full-scale values. 
lJ inner wing up 
D inner wing down 

b,ered a rwt aileron roll. 

~.~ __-.-. .~ _ .- . .. -_- _.._ . ..- -- _ ^~ ~~ ___. _ .I _. __~.. - 
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CHART 5.- EZRECT SPIN AND RECOVEBY CHARACTERISTICS OF THE MODEL WITH THE SLATS 

RETRACTED AND THE AUXILIARY RUDDERS WITH THE SPIN 

1 Model loading 1 in table II; recovery attempted by control movement as 
indicated (recovery attempted from, and steady-spin-data presented 
for, rudder-full-with spins); spins to pilot's right] 

Fl4 
1:: Is: 
gj &LO 

ROCOYOW dc%irO 

1m R 00 

FH 
,,“.; ;&;, :\ /q=qgp& % 

*&~>CL~J 
hr. A .8 RI h 25 P A bc 1) 

1 I 

p$J 1~~~1 Ei 

*ix .3, h 1; . 
A% - Elos~iCm 

z “n 

m CII 

, *ii!; lp3J-i ‘-’ R p4, >. 

7ikzl-a 

,!, ?, “2. it 

RI ‘$, h 5 ,“I 

.. , . *“, a >5 !I,“, A lbi2 - I n 
% I, ’ 3, ,!,a AI’?, -1 I 

“1 L 2, 5 

R DD 
A:: 00 

li-lzil 

A i 1. i 1 
11 ?8 
hm 1, I,2 

R 1 4, 1 A ,3 
R L q, 1 3 ,olu 

Elii 

.A 1. a? 
A ‘“1 en1 8’ 
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CHART 6.- ERECT SPIN AND RECOVERY CHARAC~ISTICS OF THE MODEL WITH THE 

SLATSREXRACTEDANDTHi3AUXILJARYRUDDEXS NEUTRAL 

I: Model loading 1 in table II; recovery attempted by rapid full 
rudder reversal except as indicated (recovery attempted 
from, and steady-spin data presented for, rudder-full-with 
spins); spins to pilot's right] 

n 

4: 
2aJ 

0 

238 
265 -26 

i”l 

71 2. ati 
cc c 

1. 1$ 3 

d 

*Olcillatory spin. rqe of values presented. 
b Recovered In a dive. 
=Rccovory attenpted by aoveaent of ailerons to Model “alues 

5 with the spti. converted to 
corresponding 

dmered a dive. full-scale values. 
%nterod a dive then rolled with ailerons. " inner wing up 

%ecovery attempted by rudder reversal from 
D inner wing down 

full with to $ against the spin. 

CUhip"in~ and wandering spin. 
hfleco~erod in B dive then went into left spin before it hit net. 
i~tcred an aileron roll. 
&ry oscillatory and wanderins spin. 

- . _~ - --_ - _. -_ _ _.-__ .~~____~ ,_ ~-__ . - . _ - ^ - -- ..___ __-_~ _ .._ 
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CHART 7.- ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL KCTEI THE 

SLATS RETRAdTED AND TFl33 AUXILIARY~RUDDERS AGAINST THE SPIN 

r Model loading 1 in table II; recovery attempted by rapid full 
rudder reversal except as indicated (recovery attempted 
from, and steady-spin data presented for, rudder-full-with 
spins); spins to pilot's right] 

l&o l&o 0 0 
5h l!n 5h l!n 

Qevator Qevator :- :- 261 261 0.24 0.24 BO BO :.PIII :.PIII 
e.r * e.r * 

4;. s-7 4;. s-7 

c,p c,p h h -- -- 
32 59D 32 59D 
94 i2U 94 i2U 

2&5 o.33-= 2&5 o.33-= Ailmono full spainst Ailmono full spainst Ailerons full with Ailerons full with 
Wtlck left) Wtlck left) 

i i 
(Stick ri@xt) (Stick ri@xt) 

>5 >5 110 SPIIJ 110 SPIIJ 

I I 

i I 

%!odel entored a dive. 
“i%o conditlonn possible. 
=Osclllstory spin. range of values Presented. Node1 values 
dspin vu1 not persie lndcfinltely. converted to 

~Rocova~3 attempted by revorsine the rudder 
corresponding 

from full with to $ against the spin. 
full-scale values. 
" Inner wing up 

fR~~ov~~~~ in o dive. 
D inner wing down 

C!:odel somtlaos rolls inverted. 
hmwm entered a vertical dim. 

-  _~--- - .  
_ . .  .~ .  

._ _~. - .  -  
_~ __~ _ _. -  

_ - -  ~---1 
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CHART 8. - ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH TEE 

SLATS EXTENDED AND TBEAUXILIARYRUDDERSVI3'HTEE SPIN 

c Model loading 1 in table II; recovery attempted by rapid full 
rudder reversal except as indicated (recovery attempted 
from, and steady-spin data presented for, rudder-full-with 
spins); spins to pilot's righq 

a.b 

a.b 

Ailerons full aeainst AllGrOnS full with 
(Stick left) (Stick right.1 

n h 
3, 5 10 SPIll II0 SPIll 

I 
E 
45 

s3” 
‘? b c 
I;- 
2:: 
52 
d- 

I= 
110 SPItI 0 tro S?IN 

aOscillntor~ spin. range of values presented. Model Values 
buo-spin condftlon also obtained. converled to 

=Recoverad in a dive. corresponding 

dRecovery attemptad by novlng ailerons to $ with 
full-scale values. 
" inner wing up 

the spin. D inner wing down 
%covered In a glide followed by a spiral. 
fhtored a glide. 
%ccorery attenptod by rudder reversal from.Cull with 

to $ against the spin. 
hRecovered in an aileron roll. 
iIWared a diva. 
&ntared an aileron roll. 
kmcovered in an inverted spin. 
1TendS to enter 9 soin to the left. 

I&l Q 
(de81 

H-4 ” R 
IfPSl trps I 

_ ~_ _ ._ _~ _.~- _ --~--~- -. . . . _.- _~_ _ . .- - _- 



NACA RM SL55G15 25 

1 
e 
. 

. 
,. 

. 

.: . 

. . . 

CHART y.- ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITH 

THE SLATS EXTENDED AND THEAUXILIARYRUDDERS NEUTRAL 

I Model loading 1 in table II; recovery attempted by rapid full 
rudder reversal except as indicated (recovery attempted 
from, and steady-spin data presented for, rudder-full-with 
spins); spin to pilot's right] 

h 
El tie SPIR 

b.c.k 1 

u 
z! 

Ez 
c 2 

rfku 

m 

:-‘i 
no SPIN 

8- 22 cl z:. 

T 

2:: 
ff 
5dt; b- fl 

%m conditions possible. 
"osciutcry ~.p~n, mry.e or values givsn. 
'Spin will not persist indefinitely. 
dRecovarad in a dive. Model values 
%?ovsry nttomptod by reversing tlilerons to converted to 

corresoondina 
5 with the spin. 

*Recovered in a dive follomd by a turn. 

full-scale "&ES. 
" 1nnec wing up 
D inner wing down 

ha?PS a diva. 
htitars a short dive folloved by a tan? or aileron roll. 
imie1 rolls lnoorted. 
JRccovers In an aila.-on roll. 
"Enters an n11e2on roll. 
lVisu.31 estlmata. 
%ters an inverted dive. 

k 
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CHART lO.- ERECT SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL WITEI THE 

SLATS EXTENDED ANTI THE AUXILIARY RUDDEZ7S AGAINST T?lE SPIN 

pdel loading 1 in table II; recovery attempted by rapid full 
rudder reversal (recovery attexqted from, and steady-spin 
data presented for, rudder-full+ith spins); spins to 
pilot's righd 

%del entered a dive. 
bvcrg oscillatory. range or values given. 
%pln will not persist indefinitely. Xodel 

rolled inverted. 
dmdel recovered in an aileron roll. 
%del entered an aileron roll. 

Model values 
converted to 
correspondhw 
Cull-scale values. 
” Inner wing “P 
D inner wing down 

- 

_  __  .__ - .I 
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Figure l.- Drawing of the 0.034-scale model of the Chance Vought F7U-3 
airplane. Center-of-gravity position indicated is for normal fighter, 
co&at loading. 
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Stick -$- back 
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(Elevator $- ul 

Both 
down 11~ 

Neutral 

P 

Stick right 

s” r I 0) 0 z I 
L 

2p;* 
ul I ‘G 

z - I .P 0” 
0 .g I b 
Y 0 G= 1 I cum ti - I 

I I 

Left down 
27.5’ 

Right up 
5.5O 

Left down 
l6.5* 

Right up 
16.5* 

-- 

.eft up 
18.4” A 

Both 7 Left up Right up 

up 32.4O 
I 27.7” 46.4O 

1 Right up 
37. I 

Figure 2.- Deflection of ailavator surfaces relative to control stick 
motion. Envelope of stick and ailavator movements shown. Ailavator 
position is directly proportionalto control stick position; angles 
are measured in plane normal to hinge center line; stick travel to 
right is shown, left travel i,s symmetrical-. 
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